Measurement of Polyethylene Glycol 400 in Urine by Direct-Injection High-Performance Liquid Chromatography
G. 0. Young,1D. Ruttenberg, and J. P. WrIght We descnbe a new "high-performance" liquid chromatographic (HPLC) method for estimating polyethyleneglycol 4.00 (PEG 400) in urine. Direct injection of diluted urine samples ontothe column eliminates the necessity for lengthy preparative steps, resulting in considerable saving of both time and chemicals. High analytical recoveries (94-102%) and a rapid rate of analysis are achieved. Results vary linearly with concentrations from 0.2 to 1.6 g/L and the six major components can be individually quantified precisely at all concentrationsin this range. This method shows better sample recovery, sensitivity, and reproducibility than does a previously described method. The increased sensitivity should allow the use of lower oral doses of polyethylene glycol 4.00 in future studiesof intestinalpermeability. 
MaterIals and Methods

Samples
Urine was collected from 100 subjects for 6 h after the oral intake of 5.6 g of PEG 400 (lot no. 120F/0189; Sigma Chemical Co., St. Louis, MO). Each specimen was thoroughly mixed, the total volume was measured, and 50-mL aliquots were stored at -20 #{176}C without preservative.
Procedure
Direct-injection method. Urine specimens were thawed at room temperature and analyzed in duplicate. We diluted a 2-mL aliquot with 2 mL of de-ionized water (Milli-Q system; Millipore Ltd., Johannesburg, South Africa), mixed thoroughly, then aspirated the sample into a 5-mL disposable syringe and filtered it through a 0.22-pm (pore size) filter. We injected 250 L of the filtrate into a chromatograph To determine analytical recovery, we add PEG 400 to aliquots of pooled normal urine to give fin concentrations ranging from 0.2 to 1.6 g/L. Reproducibili was determined by including aliquots of a single urii specimen in 10 analytical runs performed on 10 separa days.
Extraction method. Thawed urine specimens were an lyzed according to the method of Delahunty and Holland (5) . In this technique a 10-mL urine sample is lyophilize extracted with 10-mL of chloroform, evaporated to remo the solvent, and then reconstituted before HPLC.
Results
Within 20 mm of injection, nine peaks were readi separated and detected in standards, in PEG 400-suppi mented urine, and in urine from the subjects studi (Figure 1) . On the basis of retention times, these peal corresponded to PEG 400 species with Mr values rangu from 286 to 638 (5). A linear standard curve was obtaim for PEG 400 concentrations of 0.2 to 1.6 g/L (Figure 2) . TI lower limit of detectability of PEG (i.e., the lowest concei tration at which all nine peaks could be detected integrated) was 0.05 g/L.
The six main components eluted constituted about Retentiontimes (minutes) are shown for each of the six peaks that v indMdualty analyzed (see Table 1 Table 1 ). The percentage distribuion of the six peaks was similar in standards, PEG 400-upplemented urine, and urine from the subjects studied L'igure 3).
The analytical recovery of added PEG 400 was consisently high at concentrations of 0.2-1.6 g/L ( Table 2 ). The tandard error of measurement (SEM) between duplicate eterminations (calculated as Vw272i, where w = differnce between two results, and n is the number of duplicate amples) was 0.87 (n = 100). The interassay coefficient of ariation (CV) for the entire procedure was 3.3% (n = 10; sean PEG concentration, 0.96 g/L).
To compare results of the extraction and direct-injection aethods, we calculated the urinary excretion of PEG 400 W6 h) for samples analyzed by both methods (Figure 4 ). Uthough the correlation was good (P <106), values ohained by direct injection (y) were generally higher than hose obtained with the extraction method (x): y = 0.5x + .8 g/6 h.
Iscusslon
The method of direct injection described in this paper lows rapid, sensitive, and reproducible analysis for PEG 10 in urine. Twelve samples can be analyzed in duplicate 8 h. In view of the good reproducibility (CV = 3.3%) and w SEM (0.87%), duplicate analyses may be unnecessary; us, with the use of an automated sampler, an analysis to well exceeding 60 samples per day is possible.
Mean
97.2a
94.1 3.9 2.7 a % recovered. n = 9 each. No deterioration in peak resolution or retention time has been apparent during the last nine months, during which the minimum daily load for the direct-injection technique was 20 samples In the extraction method previously described, nine peaks were reported to be readily discernible, but individual analysis of the six major peaks included only those peaks that eluted before 10 miii (5) . In the present study, using both methods, we obtained chromatograms similar to those previously reported (5), but we found that two of the nine peaks (V and VI) had retention times >10 mm and contributed a substantial proportion to the total (Figure 1 ). We therefore included these peaks in the analysis of the individual major peaks and used them in the comparison of the direct-injection and extraction techniques.
In conclusion, increased sensitivity and precision make the direct-injection method suitable for the analysis of urine containing PEG 400 in concentrations as low as 0.05 g/L. This could be an advantage in future permeability studies, allowing use of a substantially lower oral dose of polyethylene glycol.
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